A homogeneity study in the preparation of a fish candidate certified reference material is reported. In the present study, homogeneity was examined by flow injection analysis cold vapour atomic absorption spectrometry technique (FIA-CV-AAS). Total mercury and methylmercury were studied in this study. Univariate analysis of variance (ANOVA) was performed for all analytes. The results were evaluated using an F-test, which demonstrated no significant difference for the between-bottle results. It is indicative that this material is homogeneous. The results of the between-bottle homogeneity study provide for the evaluation of one of the uncertainty components in the certification process.
Introduction
Seafood is an important source of protein and income for people around the world. However, harmful substances including toxic elements released by humans activities have contaminated the marine environment.
Mercury (Hg) is a pollutant with extreme toxicity and one of the most toxic elements [1] . It is well know that methylmercury is a dominant organic mercury specie in fish (85 -99 % of total Hg levels are present in aquatic organisms) [2] .
The determination of Hg and MeHg in seafood samples has been done using many tecniques [3] [4] [5] [6] and the quality of the results can be guarantee by the use of certified reference materials (CRMs).
CRMs are widely used for check measurement process, precision and accuracy verification [7] .
Homogeneity study is one important part of the certification process of the CRMs. The results of the between-bottle homogeneity study provide for the evaluation of one of the uncertainty components in the certification process. A homogeneity study is not intended to show that there are differences from the ideal equal distribution of some properties, but to show that inhomogeneities might be of importance for the analytical method used. In the present study, homogeneity was examined by flow injection analysis cold vapour atomic absorption spectrometry technique (FIA-CV-AAS), which is accredited method by ISO 17025 standard [8] in our laboratory. Total mercury and methylmercury were studied in homogeneity study.
A subsampling problem associated with many reference materials is that only a small test portion is drawn from the sample to carry out the measurement process. Obviously, this test portion must be representative of the sample, otherwise the certified value is still not applicable. Then, the influence of the sample mass on the homogeneity of the material was also evaluated.
The results were then evaluated statistically.
Experimental
2.1 Homogeneity study layout A 1.2 kg amount of material was processed, which was distributed in 80 bottles, each containing 15 g. For the between-bottle homogeneity study were selected 10 bottles (bottle numbers 2, 9, 14, 26, 31, 36, 50, 55, 63 e 78). For the within bottle homogeneity study, bottle number 10 was selected.
Sample and elemental standard preparation
For the between-bottle homogeneity study, three subsamples, for each analyte, were taken from each bottle. For total Hg and MeHg determination, subsamples of approximately 400 mg and 500 mg were used, respectively. The samples were digested for total mercury determination by an open flask procedure developed earlier [9] and for MeHg determination, organic and inorganic Hg were separated and then analysed [10] . For the within bottle homogeneity study, seven subsamples of 200, 300, 400, 500, 600, 700 and 800 mg were used from the same bottle.
The total Hg and MeHg content of the aliquot sample were calculated against the mercury standard curves. For this purpose were prepared six mercury standards solutions. Those solutions were obtained of the dilution of a standard solution of 1000.14 µg mL -1 prepared from the mercury oxide.
Instrumentation and determinations
All the determinations were carried out using an atomic absorption spectrophotometer (SpectrAA220-FS, Varian Australia Pty Ltd.), at 253.7 nm. This spectrophotometer was coupled to a typical flow analysis injection (FIA) manifold. Before all analyses, the instrument was checked according to the instrument manufacturer´s instructions.
Results and discussion
Statistical analysis was carried out and the uncertainties of homogeneity for both analytes were calculated. Normally, a one-way analysis of variance (ANOVA) approach [11] is used to assess the between bottle homogeneity as well as the within bottle homogeneity, but for MeHg, another statistical method was used to confirm the homogeneity.
In according with the ISO Guide 35 [12] , the calculations were performed and the tables 1 and 2 shows the values for the between bottle homogeneity of each analyte. Where SS provides the sums of squares, df the associated degrees of freedom, MS the mean squares, and the F-test indicated that the result of the homogeneity is insignificant (F<F crit , the critical value of F for α = 5%). The P-value gives the level for which the observed F equals F crit. The table 2 shows that for MeHg determination the F-test indicated that the result of the homogeneity is significant (F>F crit , the critical value of F for α = 5%). The homogeneity, for MeHg, is not confirmed. Checking the data obtained from the calculation of variance for these measurement values, it is observed that one of the assumptions of the ANOVA was not confirmed because the variances are different. The difference in the values variance may be from the analytical method used in the measurements (FIA-CV-AAS), performed in different days, shows the variations in the response signals of both the calibration curve as the signals of the samples.
Thus, a most suitable test for assessing the homogeneity, for MeHg, proposed by Fearn and Thompson [13] , called "sufficient homogeneity" was used. This statistical method is specified in the Harmonised Protocol Procedure [14] . This test provides estimates of the analytical variance σ 2 an and the between-sample variance or sampling variance, σ 2 sam , but is impose a limit on the true sampling variance.
As recommended in the instructions [13] , were analyzed in duplicate portions of 10 bottles under repeatibility conditions and the results of evaluation of the data is shown in table 3.
The items presented after the table are shown the equations used for the calculations and their results. In item (a), the analytical variance (s [14, 15] . The critical value for the homogeneity test (homogeneity study), called "c", obtained in (e) by multiplication of specific factors [13] by the values of (σ 
Within bottle homogeneity study
For the estimation of the minimum sample intake, total Hg was determined in all subsamples by FIA-CV-AAS. The standard deviation values are compared in the mass range studied. Figure 1 presents the results. The results obtained showed that mass range throughout the study proved satisfactory standard deviations, indicating that for the analytical methodology used it is possible to use a minimum mass of 0.2 g.
Homogeneity contribution to CRM uncertainty
The estimative of standard uncertainty due to betweenbottle homogeneity (u bb ) was calculated by equation 1 [16, 12] where MS within represents the mean squares among groups. In case of "sufficient homogeneity" [13] , MS within is the same estimative of the analytical variance (s This value of u bb will be included in the uncertainty budget, for each analyte, as an estimate for the uncertainty of between-bottle homogeneity.
Conclusions
The homogeneity study in the material for the total Hg and MeHg was realized. The homogeneity test should be designed to identify the variability due to possible inhomogeneity of the material packed, to be made available to the user.
The statistical tool proposed by Fearn and Thompson [13] , is suitable when some of the assumptions of ANOVA not be confirmed and thus proved the homogeneity for the analyte MeHg.
The study showed that the minimum mass to mass range studied, standard deviations were practically the same indicating repeatibility for the smallest portion and the largest portion, analyzed by FIA-CV-AAS technique. Note that, according to the ISO Guide 33 standard, the user should be aware that use of a portion of the material that does not meet or exceed the specification can significantly increase the contribution of the inhomogeneity of the CRM for the uncertainty property certified until the point at which the statistical parameters of cerfication are not longer valid.
The contribution of standard uncertainty of homogeneity study have important implications for the final uncertainty of the CRM, because besides mandatory term and indicates the variability of the batch prepared. 
